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I. Objective

The grant is for purchase of a scanning probe microscope (SPM), that can opérate as an
atomic force microscope (AFM), a scanning tunneling microscope (STM), and magnetic force
microscope (MFM), and have the hardware and software necessary for ultra-high resolution
lithography and alignment. The primary use of the system will be for ultra-high resolution

metrology of nanostructures and ultra-high resolution nanoscale lithography.

II. Summary of Major Accomplishments

We purchased a scanning probe microscope (SPM) system from Digital Instruments--a
company regarded by many to be the best in the business. The system includes a scanning
tunneling microscope (STM) head; an multi-mode head that perform atomic force microscopy
(AFM) and magnetic force microscopy (MFM); piezoelectrical stages with different scanning
ranges; control electronics and computer; and software for operation, image, and data analysis.
Because of some practicalities, only $111,000 was spent and $29,000 was reverted to
government.

The equipment has played a key role to our ongoing research programs in nanostructures and
nanodevices sponsored by ARO as well other agencies such as ONR, ARPA, and NSF. We have
used the instrument to studied the topologies of a variety of sub-20 nm structures. These
structures are very difficulty to investigate using other microscopy technique, therefore deepen our
understanding.

Another import application of this instrument is to study the magnetic properties of magnetic
nanostructures, which are a new material system and can strongly impact future magnetic
recording. Using the instrument, we have a number of first observation of magnetic domain
structures in lithographically-patterned magnetic nanostructures. We also used the instrument as a
writing head for a new magnetic disk, called “quantized magnetic disk.” to demonstrate that the
new disk can have a data storage density much higher than that in conventional disk.

Finally, we have used the instrument as a lithography tool and discovered that to making
devices the scanriing probe-based lithography tool cannot match our existing ultra-high resolution

e-beam lithography (This is true for all current commercial scanning probe-based tools).

III. List of Publications
Many research projects in our group have benefited from the instrument. Here we just list a few
examples.
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4487, Nov.,1994.
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